literature procedures. Solvents were at least reagent grade, purchased from Sigma-Aldrich, and used as received.
Methods and Instrumentation
Gel permeation chromatography (GPC) measurements for polymers soluble in N,Ndimethylformamide (DMF) were performed on an Agilent 1260 LC system with two Shodex KD-806M GPC columns in series at 60 °C and a flow rate of 1 ml/min with 0.025 M LiBr in DMF as the eluent. A T-rEX refractive index detector (Wyatt) and a DAWN EOS 18 angle light scattering Table S1 . Molar masses were measured by static light scattering and compared to M n values obtained by 1 H NMR spectroscopy. Poly(acrylamide) was not soluble in DMF and thus GPC measurements were obtained on an Agilent 1260 Infinity Series with three Agilent Aquagel-OH Mixed-H columns in series using 0.02 wt% NaN 3 in water as the eluent at 1 ml/min. A T-rEX refractive index detector (Wyatt) and a DAWN 8+ detector (Wyatt) were used for molecular weight analysis. The dn/dC of poly(acrylamide) was estimated using 100% mass recovery method. For both methods, all samples were filtered through 0.2 μm, 13 mm PTFE syringe filters before injection. See Section F for full details on the photoreactor setup.
B. General Experimental Procedures and 1 H NMR Spectra

Open vial photopolymerization
A stock solution was made with TTC (1, 78.9 mg, 0.170 mmol), monomer (MA: 3.1 ml, 3.043 g, 35.35 mmol), and DMSO (3.1 ml) (scale of the stock solution varied). A pipettor was used to transfer 0.5 ml of the stock solution into a 1 dram glass vial that was subsequently kept closed until the start of the reaction to prevent monomer evaporation. The vial was placed in the 1 dram vial holder atop a custom-built photoreactor (see Section F) that was actively being cooled by a dry ice-acetone bath inside of a ventilated flammable cabinet. After the vial cap was removed, the S4 reaction was irradiated with 450 nm light (power setting 5). Each reaction was irradiated by a single LED and the vial sat directly on top of the lens to maximize light intensity. (Note: Due to the high light intensities, Kentek KBS-5301 blue-blocking laser safety glasses were worn whenever the photoreactor was in operation.) Additional dry ice was added to the bath every 20-30 minutes to maintain cooling. After 60 minutes of irradiation, the light was shut off and the vial was quickly capped, covered in aluminum foil, and cooled by dry ice to ensure the reaction stopped right away. Aliquots were analyzed directly by 1 H NMR spectroscopy and gel permeation chromatography. Poly(MA) was purified by dissolving in DCM and precipitating into cold hexanes 3x or by prepGPC to form a yellow sticky solid. Figure S1 . 1 H NMR (CDCl3, 400 MHz) of poly(methyl acrylate) purified by prepGPC, sample from Table S3 , entry 9.
Representative 1 H NMR spectra
. 1 H NMR (CDCl3, 400 MHz) of poly(n-butyl acrylate) purified by dialysis against DCM, 
Chain extension of poly(MA)
A 1 dram glass vial was charged with precipitated poly(MA) (200-300 mg) and dissolved in a 1:1 solution of monomer:DMSO (0.5 ml for MA, 0.6 ml for tBA). The vial was placed in the 1 dram vial holder atop a custom-built photoreactor (see Section F) that was actively being cooled by a dry ice-acetone bath inside of a ventilated flammable cabinet. After the vial cap was removed, the reaction was irradiated with a single 450 nm LED (power setting 5). (Note: Due to the high light intensities, Kentek KBS-5301 blue-blocking laser safety glasses were worn whenever the photoreactor was in operation.) Additional dry ice was added to the bath every 20-30 minutes to maintain cooling. After 60 minutes of irradiation, the light was shut off and the vial was quickly
capped, covered in aluminum foil, and cooled by dry ice to ensure the reaction stopped right away.
Aliquots were analyzed directly by 1 H NMR spectroscopy and gel permeation chromatography.
Deprotection of poly(tert-butyl acrylate) to polyacrylic acid
On the basis of the procedure published by Oshima and coworkers, 3 poly(tBA) (9.8 mg) was measured out in a 1 dram vial. 750 μl of a trifluoroacetic acid/DCM solution (TFA:DCM 1:4) was added to the vial before placing on an orbital shaker at 130 rpm for 24 hours. The supernatant was removed and 1 ml DI water was added before putting back on the orbital shaker for 18 hours.
Samples were centrifuged before the liquid was removed and the white powder (3.2 mg) was dried in vacuo. The drastically altered solubility properties and the 1 H NMR spectrum ( Figure S5 compared to Figure S3 ) indicated that the deprotection was successful. The π to π* transition of the TTC can be observed in the UV-vis spectrum of the resulting product ( Figure S6 ). 
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C. Extended Data Tables and GPC Traces
Due to the reactions being performed in an uncapped vial and the volatility of methyl acrylate, monomer evaporation is inevitable. Control experiments were done to correct for conversion under the optimized conditions for comparison to the air-free reaction (see Section D). However, for the optimization, the listed conversions are not corrected for monomer evaporation since the amount of monomer loss will change with solvent, scale, concentration, etc. Therefore, M n,theo is not
S9 reported for Table S2 or Table S3 . The experimental monomer:initiator (Actual MA:TTC) ratio is listed to give an idea of the differences between batches of stock solution. Normalized RUI (au) Figure S8 . GPC traces for samples from concentration screen (Table S2 , entries 4-9). Figure S11 . GPC traces of samples for reactions with different MA:TTC ratios (Table S3 , entries 1-6).
S12
Figure S12. GPC traces of poly(tert-butyl acrylate) samples with different tBA:TTC ratios from Table 2 , entries 2-4. Retention Time (min)
Normalized RUI (au) Figure S14 . GPC trace of poly(acrylamide) in water with 0.02 wt % NaN 3 from Table 2 , entry 9.
S13
Figure S15
. GPC traces and tabulated data for experiments adding more monomer (MA:DMSO 1:1) after 1 hour of irradiation followed by an additional hour of exposure. 
D. Conversion Correction for Monomer Evaporation
Due to the volatility of methyl acrylate (bp = 80 °C), a correction factor was needed to estimate conversion and M n,theo from the crude 1 H NMR spectra in order to compare the open vial polymerization to the air-free reaction. The polymerization was run under standard conditions with the addition of ethylene carbonate (EC) as internal standard. A stock solution of TTC 1 (54.0 mg, S14 0.12 mmol), ethylene carbonate (509.9 mg, 5.79 mmol), methyl acrylate (2.1 ml, 2.057 g, 23.9 mmol), and DMSO (2.1 ml) was made and vortexed to ensure homogeneity. A 1 H NMR spectrum was taken of the stock solution for t = 0. A hand pipettor was used to transfer 0.5 ml of the stock solution into each of six 1 dram vials, which were then uncapped and irradiated with 450 nm light at power 5 and stopped sequentially by removing the vial from the light source, capping, covering with foil, and cooling. Aliquots were analyzed by 1 H NMR spectroscopy and GPC.
The actual conversion (Y) was based on the appearance of polymer peaks relative to EC, as defined in eq (2) (orange series in Figure S16 ). Monomer consumption was also monitored relative to EC (blue series) and was found to decrease faster than production of polymer. The discrepancy is attributed to monomer evaporation. The percent evaporated monomer ( ) was calculated by comparing the actual conversion to 0 the "observed" conversion (X), which is defined as the polymer peak integrations relative to monomer peak integrations in the 1 H NMR spectra (a proxy for relative moles of polymer vs moles monomer left in the vial at time t), see eq (3). X can be measured in all reactions regardless of the S15 presence of an internal standard. was calculated according to eq (8), definitions are shown in 0 eqs (1)-(3) and derivation is shown in eqs (4)-(7).
definitions: M 0 = amount of monomer at t=0 M = amount of monomer left in the vial at time t E = amount of monomer evaporated at time t P = amount of polymer made at time t Y = actual conversion X = observed conversion (uncorrected) by 1 H NMR spectroscopy For the kinetics experiments, the correction factor was then used to convert observed
conversion (X) to "actual" conversion (Y) using eq (7). Because there will be slight variations S17 between runs and the volume of polymerization affects the amount of evaporation, Y is still just an approximation and can only be used under these exact reaction conditions. All numbers are summarized in Table S5 . (Table S6 , entry 8, red, top) and air-free (Table S6, 
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Component List
LED emission
Measurement of Absolute Irradiance. To determine the absolute irradiance produced by the photoreactor LEDs, a fiber-coupled spectrometer (Ocean Optics Flame-NIR) was used. The spectrometer was wavelength calibrated using a mercury-argon lamp (Ocean Optics HG-1) and intensity calibrated using an absolute irradiance-calibrated tungsten halogen lamp (Ocean Optics HL-3P-CAL). The fiber connected to the spectrometer was fitted with a cosine corrector (Ocean Optics CC-3-UV-S), positioned at the base of the sample holder at a fixed distance from the LEDs, and aligned to the position of maximum irradiance above the center of each LED. The resulting spectra were integrated across each LED emission peak to determine the peak irradiance to which samples were exposed. Figure S27 . UV-vis spectra of TTC 1 at two concentrations to show the π to π* and n to π* transitions.
We sought to confirm that only the n to π* transition is activated by the visible light. The full emission spectrum of the 450 nm LED was measured by the Ocean Optics Spectrometer. The overlay between the LED emission and TTC absorbance is shown in Figure S28 . After the first few monomers are inserted into the C-S bond of the iniferter, the peak max of the C=S bond blue shifts slightly, but there is still significant overlap with the LED emission. The narrow emission of the LED does not overlap with the π to π*, indicating that all absorption is facilitated by the spin forbidden n to π* transition. Figure S28 . Overlap between the emission of 450 nm LED (blue) and the absorption of the trithiocarbonate before (orange) and after (red) polymerization.
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